
Biological Properties of Bacteriophages
subsp.

Pectobacterium

carotovorum carotovorum

Ryskaliyeva Balday Zh.1, Feoktistova Natalya A.1,
Vasilyev Dmitriy A.1, Lyashenko Elena A.1,
Toigildin Alexander L.1, ToigildinaIrina A.1,
BogdanovIlgizar I.1, Nafeev Alexander A.1,
ObuhovIgorL.2, Shmorgun Boris I.3

1

2

3

Ulyanovsk State Agrarian University named after P.A. Stolypin,
Ulyanovsk (Russian Federation)

All-Russian Research Institute of Veterinary sanitary, Hygiene
and Ecology, Moskau (Russian Federation)

Russian State Center of Quality and Standardization Medicines
forAnimalsand Feed, Moskau (Russian Federation)

Keywords: Lyticactivity,

Study Area: Moskau (Russian Federation)
Coordinates: 55°45'21:N; 37°37'2”E

RESEARCH ARTICLE

Vol. 07(2):26-29
Year 2020

ambient
SCIENCE

Ambient Science, 2020: Vol. 07(2); 26-29
DOI:10.21276/ambi.2020.07.2.ra04

Experimentally passaging time, the balance of
bacteriophage with indicator crop of Pectobacterium
carotovorum subsp. carotovorumis determined.
Morphology of plague-forming units of isolated
bacteriophages was studied by agar-layer technique. The
lytic activity of isolated bacteriophages by Appelmann
method was from 10 to 10 . The lytic activity of isolated
bacteriophages by Gratia method was from (1.0+0.1)X 10 to
(3.0 + 0.1)X 10 plague-forming units/ml. The specif icity of
isolated bacteriophages Pectobacterium carotovorum
subsp. carotovorum was examined on strains of other
species of the family Enterobacteriaceae:

spp. , and also

. The stability of isolated
bacteriophages to the effect of physical and chemical
factorswasstudied.
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Escherichia coli,
Yersinia enterocolitica,Yersinia pseudotuberculosis, Proteus
vulgaris, Proteus mirabilis, Salmonella enteritidis,
Salmonella typhimurium, Shigella sonnei, Klebsiella
pneumoniae, Erwinia amilowora, Pectobacterium
carotovorum atrosepticum Pseudomonas
aeruginosa, Pseudomonas syrengae, Aeromonas hydrophila,
Xanthomonas camperestris

Abstract

Introduction:
As per an expectation, by the year 2050, the population will
grow to 9.6 milliards of people, which will lead to an
increase in demand for food products. It was counted that
for satisfying this requirement world food supply can grow
to 70%. It was counted that at least 10% of world food
output is lostdue toplantdiseases. Thereare more than 200
types of pathogenic bacteria. Pectobacterium is one of the
most important, has a wide spectrum of hosts and
worldwide distribution (Buttimer ., 2017).
Phytopathogenic bacteria spp. of the
family Pectobacteriaceae re gram-negative, pectinolytic,
necrotrophic bacterial plant pathogen, causing soft rot,
damping off and cauline consumption, and leading to
signif icanteconomicwasteall overtheworld (Li , 2018;
Charkowski, 2015; Yasuhara-Bell ., 2017; Charkowski,
2018; Bellieny-Rabelo ., 2019; Alic ., 2018; Alic ,
2017). Thespread of pathogens happens mainly by meansof
obscure infected seed tuber (Humphris ., 2015).
Bacteria Pectobacterium produce ferments, destroying cell
wall, which allows to inpourand macerate plant tissue (Lim

., 2017). Pathogenic microorganisms control requires
new green alternatives to existing methods. Nowadays
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there are no effective ways to control them. Phage cocktails
modulate the becoming of soft rot (Carstens ., 2018).
Caused by the increase in stability to antibiotics and their
use restriction the alternatives antibacterial are being
developed as bacteriophages (Kabanova ., 2019; Kim

., 2019). Bacteriophages appliance as the agents of
biocontrol recentlygotawide circle of interestas a harmless
alternative for the environment (Soleimani-Delfan
2015; Carstens ., 2019).

Bacteriophages are spread in all mediums, containing
bacteria, in soil, wastewater, plants (Smolarska ., 2017).
From the specimens of potatoes, water, the soil of potato
rhizosphere, from rootstalk of Japanese radish lytic
bacteriophages were isolated, which infect

subsp. (Pcc),
(Czajkowski , 2015; Lee ., 2017; Hirata , 2016).
The thermal inactivation point of an isolated lytic
bacteriophage specif ic to carotovorum from the specimens
of clayed soil was 64 C (Marei ., 2017). The effectiveness
of phages isolated from the specimens of soil and water was
evaluated by the application of individual phage strains or
cocktail of phagesafter inoculation bystrain .
Phages lyzed 20 strains P. carotovorum, but not the control
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strains (Muturi ., 2019).
Nowadays bacteriophage ZF40 is the only available carried
phage of phytopathogenic bacteria

subsp. (Korol ., 2016).
Bacteriophages P subsp.

is a comparatively understudied phage group
(Lim ., 2015). Bacteriophage use as the detection is
advanced in biotechnology. Detection of bacterial cells
with the help of bacteriophages is carried out at low
concentrations and is a reliable, fast, exact, sensitive, and
economical method (Singh, 2018). Phages of
phytopathogenic species Pectobacteriaceae, causing
damping-off and soft rot oa potato are advanced as
biocontrol agents for loss prevention of seed and food
potatotuber(Voronina ., 2019).

The research aim is the isolation of bacteriophage
spp. and study

of their biological properties (morphology of plague-
forming units, lytic activity, specif icity, stability to physical
and chemical factors ).

Soil potato plant residues were collected from Ulyanovsk,
Orenburg, Astrakhan, West-Kazakhstan, Aktyubinsk,
Samara regions. Two strains of bacteria Pectobacterium
carotovorum spp. carotovorum were used. The specif icity
of bacteriophages was studied on strains of other family
species Enterobacteriaceae.

We used strains spp
f rom Al l -Russ ian co l lec t ion of

microorganisms, isolated strains
spp. , and also bacteriophage

strains (seven) isolated by a team of contributors. As
heterogenic genus and species of bacteria, bacteria strains
were used, which we got from the museum of the
department of microbiology, virology, epizootiology, and
veterinary- sanitary expertise of FSBEI of Higher Education
of Ulyanovsk SAU:

Isolation, a study of biological properties of
bacteriophages (morphologyof plague- forming units, lytic
activity, specif icity, stability to physical and chemical
factors) were carried out by methods, which were offered by
Vasilyev . (2019).

During the use of a method of bacteriophage search
without affection on them of inducer studied
phytopathogenic bacteria did not show lysogenic
properties. During the use of the isolation method with the
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Pectobacterium carotovorum .
ca ro tovo r u m

Pectobacterium
carotovorum carotovorum

Escherichia coli, Yersinia enterocolitica,
Yersinia pseudotuberculosis, Proteus vulgaris, Proteus
mirabilis, Salmonella enteritidis, Salmonella typhimurium,
Shigella sonnei, Klebsiella pneumoniae, Erwinia amilowora,
Pectobacterium carotovorum spp. atrosepticum, and also
Pseudomonas aeruginosa, Pseudomonas syrengae,
Aeromonas hydrophila, Xanthomonas camperestris.
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Materialsand methods:

Resultsand Discussion:

use of induceron bacteria, we acted upon by ultraviolet rays.
Studied bacteriophages showed negative results. Further
results were connected with the search of potato and soil
sampleswhichweredamaged bysoftrot. As thesearchresult,
we discovered seven bacteriophages, specif ically for the
strains Pectobacterium carotovorum spp. carotovorum.The
selection of isolated isolates was conducted by passaging on
indicator crops with undone negative colonies.
Experimentally it was established that passaging time was
3,5 hoursat thecultivation temperatureof 28 C.

The balance of bacteriophage with indicator crops was
determined by the Gratia method with various ratios of
bacteriophages with indicator crops. It was established that
the balance of bacteriophage and indicator crop is 1:1 (0.2
ml: 0.2 ml).

Morphology of plague- forming units of isolated
bacteriophages: isolates have round, oval, transparent, half-
transparent and turbid negative colonies with even borders
with thediameter(Plate-1a; Table- 1)

Lyticactivityof isolated bacteriophages byApplemann

0

1 PCC – 1 ULSAU 0.5±0.1 – 1.0±0.1 10-5 (2.0+0.1) x 108
2 PCC – 2 ULSAU 1.0±0.1 – 1.5±0.1 10-5 (7.0+0.1) x 108
3 PCC – 3 ULSAU 1.5±0.1 – 2.0±0.1 10-5 (5.0+0.1) x 108
4 PCC – 31ULSAU 2.0±0.1 – 2.3±0.1 10-7 (1.0+0.2) x 108
5 PCC – 37ULSAU 2.0±0.1 – 3.7±0.1 10-8 (3.0+0.1) x 109
6 PCC – 74ULSAU 1.0±0.1 – 1.3±0.1 10-4 (1.0+0.1) x 105
7 PCC -105ULSAU 2.0±0.1 – 2.6±0.1 10-8 (7.0+0.2) x 108

-by Appelmann; -by Gratia

PCC – 1 ULSAU + + + + + + + - - -
PCC – 2 ULSAU + + + + + + - - - -
PCC – 3 ULSAU + + + + + - - - - -
PCC – 31 ULSAU + + + + + - - - - -
PCC – 37 ULSAU + + + + + + - - - -
PCC – 74 ULSAU + + + + - - - - - -
PCC -105 ULSAU + + + + + + - - - -

ÐÑÑ 1 ULSAU + + + +
ÐÑÑ 2 ULSAU + + + +
ÐÑÑ 3 ULSAU + + + +
ÐÑÑ 31 ULSAU + + + +
ÐÑÑ 37 ULSAU + + + +
ÐÑÑ 74 ULSAU + + + +
ÐÑÑ -105 ULSAU + + + +

Table-1: Biological properties of isolated bacteriophages

Bacteriophage Morphology of Lytic activity
name negative colonies. A B

A B

Table-2:

Bacteriophage Temperature factor C
name 52 54 56 58 60 62 64 66 68 70

Table-3:

Bacteriophage
name

Stability of selected phages to the temperature effectina
range of 52-70 Ñ during 30 minutes duration

Stability of isolated bacteriophages to the influence of
trichloromethane

Time interval of influence, minutes
45 50 55 60

0
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method was from 10-4 to 10-8. Lytic activity of isolated
bacteriophages by Gratia method was from (1.0+0.1) x 10 to
(3.0+0.1) x 10 plague-forming units/ml. For the research
spectrum of lytic activity, we used Otto method, which
consisted of applying bacteriophagedropletson the lawnof
the indicator crop (Plate-1b). As the research, we used 16 (1
referencestrain, 1 strain from thedepartment museum, and
14 isolated) strains of bacteria species Pectobacterium
carotovorum. As a result of the conducted research, we
found out that studied phages have various ranges of lytic
activity. The wide range towards studied cultures was at
PCC – 37 ULSAU and PCC – 1 ULSAU. The specif icity of
bacteriophages Pectobacterium carotovorum was
conducted on solid beef extract agar using a method of
applying bacteriophage drops onto studied genus of the
family Enterobacteriaceae:

spp. and also

Discovered bacteriophages
were inactive to representatives of bacteria of other genera
of the family Enterobacteriaceae.

The stability of discovered bacteriophages to various
temperatures was studied according to the following
method: 10 test- tubes with phage were heated on a heated
bathat the temperature from 52 to 70 C with the interval of
2 C during 30 minutes. Test tubes with control were not
heated. We made a lawn on indicator crop of daily cultures
on the plates with beef extract agar. The plates with the
lawn were dried during 20-30 minutes. Dried plates were
separated into sectors. Into the f irst sector we dripped the
control (unheated test tube) into the other we dripped
heated phage. The plates were incubated at the
temperature of 28 C for 16-18 hours. As a result of research,
it was established that bacteriophages inactivate at the
temperatureof 60-64 C (Table-2).

The stability of phages to the inf luence of
trichloromethane was carried out according to the
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0 0

0
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Escherichia coli, Yersinia
enterocolitica, Yersinia pseudotuberculosis, Proteus
vulgaris, Proteus mirabilis, Salmonella enteritidis,
Salmonella typhimurium, Shigella sonnei, Klebsiella
pneumoniae, Erwinia amilowora, Pectobacterium
carotovorum atrosepticum, Pseudomonas
aeruginosa, Pseudomonas syrengae, Aeromonas hydrophila,
Xanthomonas camperestris.

following scheme: balance of phage and trichloromethane
was 10:1, influence time 10-60 minutes with a 5-minute
interval during continuous shaking of test tubes and clarify
during 10 minutes. Then we selected supernatant and
d r o p p e d b a c t e r i o p h a ge t h a t w a s c u r e d b y
trichloromethane on the lawn of indicator daily crop by
Otto method «dripping». The presence of lyzed zones
showed the stability of isolated bacteriophages to
trichloromethane (Table-3).

While studying bacteriophage titer storing at the
temperature of 2-4 C for six months it was established that
bacteriophage titersdid notchange.

As the research result on the detection and study of
biological properties of bacteriophages of pathogenic
bacteria spp it
can be concluded that the most perspective is the method
of bacteriophage isolation from the objects of the
environment. Passaging phage time and indicator crop
were 3.5 hours. Optimal balance of bacteriophage and
indicatorcrop is 1:1 (0.2 ml: 0.2 ml), which is analogue forall
bacteriophages. Isolated bacteriophages on beef extract
agar have round, transparent, half-transparent and turbid
negative colonies with even border, with the diameterof 0.5
- 1 to 2.0 – 3.7 mm. Lytic activity by Appelmann method was
from 10-4 - 10-8, by Gratia method was from (1.0+0.1) x 10 to
(3.0+0.1) x 10 PFU/ml.

Lytic activity of isolated bacteriophages towards other
strains of heterological culture is absent. Isolated
bacteriophages inactivate a the temperature of 60-64 C.
The bacteriophage is stable to trichloromethane influence.
While storing during six months titers of isolated
bacteriophages did not change. Isolated bacteriophages
will be the part of ecologically safe bacteriophage
preparation for eliminating of phytopathogenic bacteria

spp. .

0
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